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利用保守中和单抗 8H5，对噬菌体随机 12 肽库进行筛选，得到 11 个噬菌体
阳性克隆：122、123、124、125、126、128、129、130、131、132、133。这些
12 肽序列在 HA 蛋白上没有找到同源性很高的氨基酸序列，说明这些 12 肽可能


































































Avian Influenza (AI) is one of syndrome disease of birds caused by influenza A virus in 
avian. At present, highly pathogenic avian influenza (HPAI) is listed in A infectious 
diseases by World Organization for Animal Health (OIE). The disease broke out in many 
countries of the world, and resulted in a serious economic loss. At the same time, it 
threatens the public health. The HA is the major surface antigen of influenza virus, which 
can induce the production of neutralizing antibodies to neutralize the infectivity of the 
virus. And there are five antigenic sites mapped on the HA. Antigenic changes of HA 
play an important role in influenza virus variation. We found four monoclonal antibodies 
which neutralized 34 strains of the H5N1 virus in our antibody panel. It suggested that 
there’s a highly conservative epitope in H5N1 virus. Thus it gives us a clue to research 
the epitope of HA and epitope-based vaccines, and a approach of overcoming the H5N1 
avian influenza virus. 
 
In the paper, McAb 8H5 was used to screen for the mimotops from Ph.D.-12TM phage 
display peptide library. 11 positive phage clones were obtained: 122, 123, 124, 125, 126, 
128, 129, 130, 131, 132, 133. The homologous sequence of the HA protein was not 
found.  
 
To assay the affinity of these peptides and McAb 8H5, and the immune response, we 
design a recombinant protein of corresponding peptide and 239 protein, including 
single-copy peptide and double-copy peptides. The results of indirect ELISA and 
competitive ELISA showed high affinity of McAb 8H5 and recombinant proteins, 
including 239 -123, 239-125, 239-D122 and 239-D124. Then, peptide 123 and 125 as an 
example, were used to study the affection of copy numbers to the activity of peptide 
displayed on HBV virus-like particle. 2, 3, 4, 5 copies peptide of 123 and 125 maintained 
the high affinity to McAb 8H5, except the single copy. Meanwhile, we immunized 
BALB/c mice with HBV virus-like particle recombinant protein. The immuno- 
fluorescence assay demonstrated that antibodies specific for HA were induced, and the 















vaccine. Further more, the other 10 peptides were designed for double copies peptide 
displayed on HBV virus-like particles. Another four high affinity recombinant protein to 
McAb 8H5 were obtained, including HBc-D122, HBc-D124, HBc-D128 and HBc-D129. 
There was also a high titer of antibody after immunization. Thus, we chose the HBV VLP 
as a peptide displaying vector for epitope vaccine.  
 
The further research on the peptides results of Dot blot and Western blot showed that the 
peptide from the linear peptide library should also form a specifical conformation; we 
called it “conformation-dependent”. Meanwhile, the analysis of homologous character of 
peptide mimotopes and the analysis of evolutional tree of peptide mimotopes, indicated 
that 122 and 125, 128 and 124, 123 and 129 were the same type of peptide respectively.  
  
In conclusion, through the assay of recombinant proteins and the analysis of peptides, we 
try to found the basis for the research on mimotopes of highly pathogenic H5N1 avian 
influenza A virus HA.  
 
















AD: Antigenic determinant, 抗原决定簇 
AI: Avian Influenza, 禽流感 
AIV: Avian Influenza Virus, 禽流感病毒 
Amp: Ampicillin, 氨苄青霉素 
BCR: B cell receptor, B 细胞抗原受体 
BSA: BovineSerum Albumin, 牛血清白蛋白 
CTL: Cytolytic T lymphocyte, 细胞毒性 T 淋巴细胞 
Da: Dalton, 道尔顿 
ELISA: Enzyme-Linked ImmunoSorbant Assay, 酶联免疫吸附测定 
FITC: Fluorescein isothiocyanate, 异硫氰酸荧光素  
GAM: Goat Anti-Mouse, 山羊抗小鼠 
GAMA: Goat Anti-Mouse Antibody, 人抗鼠抗体 
HA: Hemagglutinin, 血凝素 
HB: Hepatitis B, 乙型肝炎（乙肝） 
HE: Hepatitis E, 戊型肝炎（戊肝） 
HEV: Hepatitis E virus, 戊型肝炎病毒 
HIV: Human Immunodeficiency Virus, 艾滋病毒 
HPAIV: High pathogenic avian influenza virus, 高致病禽流感病毒 
HRP: Horseradish Peroxidase, 辣根过氧化物酶 
Ig: Immunoglobulin, 免疫球蛋白 
kDa: kilo Daltons, 千道尔顿 
Kan: Kanamycin, 卡那霉素 
MAb: Monoclonal Antibody, 单克隆抗体, 单抗 
MAP: Multiple antigen peptide, 多抗原肽 
MHC: Major histocompatibility complex, 主要组织相容性复合体 
MW: Molecular Weight, 分子量 















NP: Nucleocapsid, 核壳蛋白 
NS: Nonstructural, 非结构蛋白 
ORF: Open Reading Frame, 开放读码框架 
Pab: Policlonal Antibody, 多克隆抗体，多抗 
PCR: polymerase chain reaction, 聚合酶链式反应 
PEG: Polyethylene Glycol, 聚乙二醇系列 
PFU: Phage forming unit, 空斑形成单位 
RNPs: Ribonucleoproteins, 核糖核蛋白体 
SAS: Saturated ammonium sulfate, 饱和硫酸铵 
ssDNA: Single-stranded DNA, 单链 DNA 
TAP: Transporter associated with antigen processing, 抗原加工相关转运体 
TCR: T cell receptor, T 细胞抗原受体 
TEM: Transmission Electron Microscopy, 透射电子显微镜 
Tet: tet-racycline, 四环素 
Th: Helper T cell, 辅助性 T 细胞 
TNF: Tumor necrosis factor, 肿瘤坏死因子 
VLP(s): Viral-Like Particle(s), 类病毒颗粒 

























图 1-1：2005 年世界卫生组织向世界各国发出禽流感流行预警 
Fig 1-1：Current WHO phase of pandemic alert（2005） 
（http://www.who.int/csr/disease/avian_influenza/phase/en/） 



























图 1-2：2003 年以来确认家禽和野生鸟类感染禽流感 H5N1 病毒的地区 
Fig.1-2 Areas reporting confirmed occurrence of H5N1 avian influenza in 
poultry and wild birds since 2003 
（http://www.who.int/csr/disease/avian_influenza/en/） 
卫生专家几乎用 8 年的时间对这种新的极为严重的流感病毒—H5N1 型毒株
进行了监测。H5N1 型毒株首次于 1997 年在香港传染给人类，造成 18 人患病，
包括 6 人死亡。自 2003 年中期以来，这一病毒造成了在禽类中历史上 大和
严重的暴发。2003 年 12 月在接触病禽的人中确认了感染。从那时起，4 个亚洲
国家（柬埔寨、印度尼西亚、泰国和越南）的 100 多例人类病例得到了实验室确
认，这些病人的半数以上已经死亡。大多数病例发生在原先很健康的儿童和年轻




















止。上个世纪的大流行在全球传播了 6 至 9 个月，即便是当时 多的国际旅行只
使用轮船。 
 
图 1-3：2003 年以来确认人感染禽流感 H5N1 病毒的地区 





































染）。这些新的病毒已经在 1918 年（西班牙流感，四千万人死亡）、1957 年(亚
洲流感，四百万人死亡)和 1968 年（香港流感，二百万人死亡）出现[4-7]。 
 
图 1-4：病毒基因重组产生新的病毒亚型 
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